. The measurement instruments of Rs and PM2.5 concentration in Xinaghe and Shandianzi are same as those in Beijing station.
Instruments and data quality control
The concentrations of PM2.5 were measured by a tapered element oscillating microbalance (Thermo Electron Corporation, TEOM 1400a). This instrument was designated by the US Environmental Protection Agency (USEPA) based on the equivalent method, and this method has been considered as a National Ambient Air Quality standard monitoring compliance used for the real-time monitoring of aerosol concentrations. The temporal resolution of PM2.5 concentration was 5 min. These initial data were used to calculate the hourly average values of PM2.5, and then daily concentrations were obtained using the hourly data set. The real-time values of Rs (305-2800 nm) were measured by CM-11 pyranometers (Kipp & Zonen, Delft, Netherlands) with an accuracy of 2-3%. The Rs values were recorded at 1-min intervals, and then hourly and daily values were calculated by integrating the real-time values. The CM-11 pyranometers were calibrated using the 'alternate method' (Bruce, 1996) . The maximum sensitivity deviations in the CM-11 pyranometers averaged under 0.5% after the calibration process. The measured results of Rs should be limited to extraterrestrial global solar radiation (Re), and the smallest acceptable value of the ratio of Rs to Re was 0.03 (Geiger et al., 2002) . The meteorological parameters, such as air temperature, relative humidity, pressure, wind speed, wind direction and rainfall, were recorded by an automatic meteorological monitoring instrument, Milos520 (Vaisala, Finland). All measurement instruments were calibrated and cross-evaluated at the start and end of data collection. The quality control of concentrations of PM2.5 is based on the China environmental protection standard HJ 618-2011. Approximately 7.5% of the Xianghe Beijing Shangdianzi HEBEI PROVINCE measurements data has been removed based on these principles.
Statistical method
The statistical parameters the normalized mean bias (NMB), and the normalized mean absolute error (NMAE) were used to evaluate the accuracy of the estimation model. These estimators were defined as follows: 
where Rsc is the solar radiation reaching the Earth's surface without cloud attenuation; Rs is the solar radiation reaching the Earth's surface after attenuation by AOD, ozone, water vapour and cloud; and Rsnof is the solar radiation reaching the Earth's surface without attenuation by any of these four factors. Similar to Eq. (9), the contribution of AOD to Rs attenuation can be obtained using the following equation: Table 1 
